Abstract. Human reovirus can replicate and induce tumor cell lysis in several cancer types with an activated Ras signaling pathway. The aim of this study was to investigate the oncolytic effect of reovirus against breast cancer cells, and clarify the relationship between the susceptibility to reovirus and HER2 expression, which is associated with the Ras signaling pathway. Reovirus (serotype 3), 6 human breast cancer cell lines and normal mammary gland epithelial cell line were used in this study. The mRNA expression of HER2 receptor was examined by RT-PCR, and the protein of HER2 and activated Ras protein were examined by a Western blot analysis. In vitro, the cytopathic effects, viral protein synthesis, and cell viability on infection by reovirus were examined. Reovirus can infect all the 6 examined cancer cell lines, but the control cell line was not susceptible to the reovirus infection. The cytopathic effect appeared from day 1 after infection, and a 50% or greater cytotolysis was demonstrated at day 7 after infection. The Ras activities in all examined cell lines were higher than those in the control cell line. No relationship was observed in the susceptibility to the reovirus and HER2 expression. The increased Ras activity itself, regardless of the HER2 expression, may therefore play an important role in the susceptibility to reovirus of breast cancer cells. As a result, breast cancer may thus become a candidate target for oncolytic reovirus therapy.
Introduction
Breast cancer is the leading malignant disease in women worldwide (1, 2) . There are several treatment modalities such as surgery alone, or surgery combined with chemotherapy, endocrine therapy and radiotherapy against breast cancers, and several studies have shown good clinical outcomes of the patients treated with these treatments (3) . Several immunological approaches for breast cancer, including a monoclonal antibody specific for HER2 (Neu/ErbB-2), have been developed (4, 5) . Although the survival rates of patients with breast cancer have been improving over the last two decade due to the development of the above therapeutic modalities (6) , the existence of the patients resistant to these treatments has been reported. Therefore, a new approach against breast cancer to overcome this problem is needed.
Human reovirus is a unique oncolytic, non-enveloped virus containing 10 segments of double-stranded RNA as its genome. Reovirus always infects humans asymptomatically and it is occasionally isolated from the respiratory and gastrointestinal tract. Recent molecular studies have revealed that reovirus requires an activated Ras signaling pathway via either a direct ras mutation or independent pathways upstream of Ras such as epidermal growth factor receptor, HER2 or sos in order to be capable of propagating in cultured cells (7) . Although ras mutations are rarely seen (0-12%) in breast cancer (8) , an aberrant Ras activation in breast cancer, because of an upregulation of the pathways downstream of Ras, has been reported and this activation was believed to be associated with cancer growth and progression (9) . Norman et al demonstrated that reovirus infects breast cancer and has antitumor effects against human breast cancer (10).
The aim of this study was to investigate the oncolytic effect of reovirus against breast cancer cells and to clarify the relationship between susceptibility to reovirus and the expression of HER2, which has tyrosine kinase activity and is associated with the Ras signaling pathway.
Materials and methods

Cell lines and virus.
Six human breast cancer cell lines including SK-BR-3, KPL4, MDA-MB-453, CRL1500, MCF7 and MDA-MB-231, and normal mammary gland epithelial cell line, Hs578Bst, as a control were used in this study. SK-BR-3, CRL1500 and MCF7 were obtained from the Medical Cell Resources Center at the institute of Development, Aging and Cancer, Tohoku University, Japan. KPL4 was established and kindly provided by Dr Junichi Kurebayashi (Kawasaki Medical School, Okayama, Japan). MDA-MB-453 was obtained from the Riken Cell Bank (Tsukuba, Japan (11, 12) .
Reverse transcription-PCR. Total-RNA was extracted from cells using the EZ1 RNA Cell Mini Kit (Qiagen, Hilden, Germany). The reverse transcription reaction was performed according to the previous description (13) . The resulting cDNA (1.5 μg) was amplified under the following conditions: 95˚C for 35 sec, 60˚C for 35 sec and 72˚C for 35 sec. Primers for HER2 (forward, 5'-CGG GAG ATC CCT GAC CTG CTG GAA-3'; reverse, 5'-CTG CTG GGG TAC CAG ATA CTC CTC-3') were expected to yield a 300-bp amplified product after 33 cycle reaction (14) . Primers for GAPDH (forward, 5'-GTC AAC GGA TTT GGT CTG GAT T-3'; reverse, 5'-AGT CTT CTG GGT GGC AGT GAT-3') were used for the amplification of 560-bp product after 28-cycle reaction.
Western blot analysis. Western blot analysis was performed as described previously (15) . The membranes were incubated with a specific rabbit polyclonal antibody recognizing HER2 (used at dilution 1:1000) (Cell Signaling Technology, Beverly, MA, USA) and then were incubated with horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (Cell Signaling Technology). The reacted membranes were subjected to an ECL kit WB detection system (Amersham Japan, Tokyo, Japan) and exposed to X-ray film.
Cytotoxity in breast cancer cell lines. To evaluate the cytotoxic effect of reovirus on breast cancer cells, each cell line was infected with reovirus at a multiplicity of infection (MOI) of 10 plaque forming units (PFUs)/cell. After the infection by reovirus, the morphologic changes of these cell lines were examined under microscopical observation magnified. Furthermore, on days 0-7 after infection with reovirus at an MOI of 10 PFUs/cell, the number of viable cells was counted by a hemocytometer using the trypan blue exclusion method. To detect reovirus protein synthesis, each cell line with 80% confluent growth was infected with reovirus at a MOI of 10 PFU/cell. At 24 h after infection, the medium was replaced with methionine free medium containing 10% FBS and [
35 S]-methionine. After 3 h incubation, the medium was removed, and then the cells were washed with phosphate-buffered saline (PBS) and lysed. The labeled proteins were electrophoresed on 10% SDS-polacrylamide gel (SDS-PAGE) as described previously (16) .
Measuring Ras activity. The Ras activity in breast cancer cells was examined by a ras activation assay kit (Upstate Biotechnology, Charlottesville, VA, USA) as described previously (17) . The samples were separated by SDS-PAGE, followed by electrobloting onto the PVDF membrane. A monoclonal anti-Ras antibody (clone RAS10) and horseradish peroxidase-conjugated goat anti-mouse secondary antibody were used to detect Ras protein. The amount of GTP bound Ras (activated Ras) was measured using the Raf1-Ras binding domain conjugated to agarose beads to pull down active Ras. In vitro oncolytic effect of reovirus. To evaluate the susceptibility of the human breast cell lines to reovirus, 6 human breast cell lines were infected at a MOI of 10 PFU/cell. Regardless of the HER2 expression in each cancer cell line, prominent morphological changes were seen in all cancer cell lines (Fig. 2) . In contrast, the Hs578Bst of the normal breast cell line did not show apparent cytopathic effect (CPE) after infection and therefore this cell line was evaluated not to be susceptible to reovirus infection. In the cell viability test, all cancer cell lines showed efficiently cell death by reovirus infection within 1 week (Fig. 3) . The CPE appeared from 1 day after infection, and 80% or greater cytotoxicity was demonstrated at day 7 after infection in all cell lines except for MDA-MB-231. The CPE in MDA-MB-231 was observed in 50% of the cells. Three major viral proteins (λ, μ, σ) were de novo synthesized in all cancer cell lines after a reovirus infection but not observed in the normal cell line, Hs578Bst (Fig. 4) .
Results
Evaluation of HER2 expression in human breast
Detection of Ras activities in human breast cancer cell lines.
Regardless of the HER2 expression in each cancer cell line, the Ras activities in all cancer cell lines increased in comparison to those in the control cell line (Fig. 5) .
Discussion
Reovirus has recently been the focus of investigation as a novel oncolytic agent for cancer therapy based on targeting the activated Ras signaling pathway via direct Ras mutation or the independent pathways downstream of Ras (18, 19) . Several experimental studies have thus demonstrated antitumor effects of reovirus against human colon cancer, ovarian cancer, pancreas cancer, glioma and lymphoid malignancies (11, 12, 17, 20, 21) .
In this study, we demonstrated that all examined breast cancer cell lines were susceptible to reovirus, while normal breast epithelial cells did not show susceptibility to the reovirus. This oncolytic effect of reovirus is related to the activated Ras activities regardless of the HER2 overexpression. These results suggest that reovirus can replicate in breast cancer cells via with an activated Ras signaling pathway and it might become as a new agent against breast cancer.
Several researchers have reported that the susceptibility of reovirus infection was affected by several cellular factors and/or signal pathways. Strong et al demonstrated that cells overexpressing the EGF receptor were highly susceptible to reovirus replication in comparison to parental control cells and also found that Ras promoted replication (7). Norman et al proposed that reovirus can be a novel therapy against breast cancer with a high Ras activity associated with the amplication of HER2 (10) . In our study, the sensitivity of reovirus was observed in all breast cancer cell lines which we investigated, and these findings supported the proposal of Norman et al. The reason for promoting the infection of reovirus may be due to the fact that the Ras activities increased regardless of the HER2 expression, and these findings suggest that viral propagation in breast cancer cells might be strongly affected by an activated Ras pathway.
In the breast cancer cell lines that were used in this study, a ras mutation has only been reported in one cell line, MDA-MB-231 (22) , and the activated Ras in this cell line might be attributed to ras mutation, the examined breast cancer cell lines except MDA-MB-231 and MCF7 have HER2 expression, which affects Ras activity. Therefore, breast cancer may be a good target for reovirus, because a high frequency of activated Ras is often observed. It is necessary to clarify the mechanism of the Ras activity in breast cancer cells. Furthermore, there is a need to investigate and analyze the expression of other factors, such as sos, Raf, PI3K and RalGEF (23) .
In clinical setting, the following prognostic factors of breast cancer have been identified: tumor size, age, lymph node metastasis, hormone receptor and HER2 (24) . HER2 overexpression has been correlated with lymph node metastasis, thus resulting in significantly lower overall survival rates (25) . The overall survival rates of the 1-3 node-positive patients with HER2 positivity at 5 years were 46±14%, while those with HER2 negative tumors were 81±4% (25) . Our data suggest that reovirus might be a powerful tool against breast cancer being closely associated with a HER2 overexpression and activated Ras. From the view point of clinical application, breast cancer is superficially visible on the surface of the chest wall and it can be easily identified by sonography. Therefore, the injection of reovirus into the breast tumor may be easily performed with minimal invasion and side effects. However, further examinations, including the antitumor effect using small animal model, are necessary.
In conclusion, the susceptibility of reovirus to all breast cancer cell lines used in this study was observed and this oncolytic effect of reovirus was related to the activated Ras. Although the HER2 expression may affect the Ras activity, it was not a predictor of susceptibility to reovirus. Since activated Ras was recognized in many of breast cancer cells, breast cancer may be a good candidate for reovirus therapy.
